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ABSTRACT 
 
 
 
 
 Five series of glasses with the chemical compositions xB2O3–(50–x)P2O5–
20CaO–30ZnO, (0 ≤ x ≤ 50 mol%), xZnO–(50–x)CaO–20B2O3–30P2O5, (0 ≤ x ≤ 50 
mol%), 20B2O3–30P2O5–20CaO–30ZnO–xMnO2, (0 ≤ x ≤ 10 mol%), xB2O3–(50–
x)P2O5–19CaO–30ZnO–1MnO2, (0 ≤ x ≤ 50 mol%) and xZnO–(30–x)CaO–35B2O3–
34P2O5–1MnO2, (0 ≤ x ≤ 30 mol%) were prepared using conventional melt 
quenching technique following by annealing process. The structure of the glasses 
were characterized using X–ray diffraction (XRD), Fourier transform infrared (FT–
IR) and Raman spectroscopy. XRD analysis confirmed amorphous phase of the glass 
samples. The IR spectra reveal the coexistence of BO3, BO4, PO3 and PO4 structural 
units in the glass samples. While the Raman spectra reveals the presence of P–O–B 
network in the glass samples. The optical properties of the glass samples were 
characterized using ultraviolet visible near infrared (UV–Vis–NIR) spectroscopy and 
photoluminescence spectroscopy. The UV–Vis–NIR spectra reveal the presence of 
both Mn
2+
 and Mn
3+
 ions when manganese was doped in borophosphate glasses. 
Meanwhile, the emission spectra of borophosphate glasses exhibited a green light 
emission due to tetrahedral symmetry and a red light emission due to octahedral 
symmetry. The decay curves of 
4
T1g energy level of Mn ions were examined for all 
concentrations and the measured lifetimes were dependent on concentration of Mn 
ions and composition of the glass. The paramagnetic properties were studied using 
electron spin resonance (ESR) spectroscopy. The ESR spectra reveal that the 
resonance peak occurring at geff ≈ 2.0, 3.3 and 4.3. The resonance peak at geff ≈ 2.0 
with six lines hyperfine structure due to Mn
2+
 ions in an environment close to 
octahedral symmetry whereas the resonance peak at geff ≈ 3.3 and geff ≈ 4.3 is 
attributed to the rhombic surroundings of the Mn
2+
 ions.   
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ABSTRAK 
 
 
 
 
 Lima siri kaca dengan komposisi kimia xB2O3–(50–x)P2O5–20CaO–30ZnO, 
(0 ≤ x ≤ 50 mol%), xZnO–(50–x)CaO–20B2O3–30P2O5, (0 ≤ x ≤ 50 mol%), 20B2O3–
30P2O5–20CaO–30ZnO–xMnO2, (0 ≤ x ≤ 10 mol%), xB2O3–(50–x)P2O5–19CaO–
30ZnO–1MnO2, (0 ≤ x ≤ 50 mol%) dan xZnO–(30–x)CaO–35B2O3–34P2O5–1MnO2, 
(0 ≤ x ≤ 30 mol%) telah disediakan menggunakan kaedah pelindapan lebur diikuti 
dengan proses sepuh lindap. Struktur sampel kaca telah dianalisis dengan 
menggunakan teknik pembelauan sinar–X (XRD), spektroskopi inframerah 
transformasi Fourier (FT–IR) dan spektroskopi Raman. Analisis pembelauan sinar–X 
menunjukkan fasa amorfus dari sampel kaca. Spektrum inframerah menunjukkan 
struktur unit BO3, BO4, PO3 dan PO4 dalam sampel kaca. Manakala spektrum Raman 
menunjukkan kewujudan rangkaian P–O–B dalam sampel kaca. Sifat optik sampel 
kaca telah dikaji dengan menggunakan spektroskopi UV–Vis–NIR dan spektroskopi 
fotoluminesen. Spektrum UV–Vis–NIR menunjukkan kewujudan ion Mn2+ dan Mn3+ 
apabila mangan didopkan dalam sampel kaca. Sementara, garis spektra pancaran dari 
sampel kaca mempamerkan pancaran cahaya hijau disebabkan oleh simetri 
tetrahedral dan satu pancaran cahaya merah disebabkan oleh simetri oktahedral. 
Lengkuk pereputan aras tenaga 
4
T1g dari ion Mn telah menunjukkan ia bergantung 
kepada kepekatan Mn
2+
 dan komposisi sampel kaca. Ciri paramagnet telah dikaji 
dengan menggunakan spektroskopi resonans putaran elektron (ESR). Spektra ESR 
menunjukkan puncak resonans pada geff ≈ 2.0, 3.3 dan 4.3. Puncak resonans pada geff 
≈ 2.0 menunjukkan terdapat enam garis struktur halus dari persekitaran ion Mn2+ 
yang hampir kepada simetri oktahedral manakala puncak resonans pada geff ≈ 3.3 dan 
geff ≈ 4.3 disebabkan oleh persekitaran rombus pada ion Mn
2+
. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 
 Glass has been used by mankind since 4000 years ago during ancient Egypt. 
Normally, the characteristic of glasses is hard and transparent. The applications of 
the glasses are so wide and we may be using it every day in our daily life. For 
example, glasses are mainly used in packaging, housing and buildings, appliances 
and electronics, automotive and transport, optical glass, fibre optic cables and 
renewable energy. Meanwhile, for scientific research purpose, it is particularly 
interesting due to the unique properties of glass such as its corrosion resistance and 
inertness, thermal shock resistance and electrical insulation. Due to the wide 
applications and unique properties of glass, further studies are needed. These studies 
include the structural studies and the type of bonding in the glass network and the 
effect of additive in the glass network. The positive research outcome is quite 
important in the glass industry and can be contributed to the future of glass products.  
 
Oxides like SiO2, Ge2O3, P2O5 and B2O3 are known as glass formers which 
are able to produce glass by themselves or by incorporating with other network 
formers. Such situation can occur due to these oxides will provide a strong covalent 
bond by forming a 3D network with oxygen. However, some oxides cannot 
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form a glass by themselves. These oxides are called conditional glass former oxides. 
Yet, these conditional glass former oxides (TeO2, Al2O3 and Va2O3) can mix with 
other oxides with suitable quantity in order to increase the glass forming ability and 
to decrease the crystallization effect. In order to produce a glass, melt quenching, 
vapor deposition and sol–gel processing solutions are the three common methods that 
are usually used in industrial process and in research. However, melt quenching 
technique is the most conventional way to produce glass in which the glass will not 
crystalline. Besides, this technique is simple and low cost compared to other methods. 
 
Among oxides, borates are one of the most important glass forming oxides 
and has been integrated into several forms of the glass system in parliamentary 
procedure to make the desired physical and chemical attributes (Wan et al., 2014). 
Borates glasses have been of exceptional scientific interest for many years (Agarwal 
et al., 2010, El–Falaky and Guirguis, 2012, Singh and Kaur et al., 2014) owing to the 
special properties of this glass such as melting point (<1000 
o
C), transparency, high 
solubility of transition metal ions, etc (Lin et al., 2005). Moreover, borate glass is 
normally used in thermo luminescence applications due to its high sensitivity, 
inexpensive and simple preparation (Li et al., 2009). In order to to form the trigonal 
planar BO3 or tetrahedral BO4 structural units in the structure of the borates, it has to 
joined together via shared oxygen atoms in its structure (Wiberg and Holleman, 
2001). Meanwhile, according to Saddeek (2009), when the content of PbO is in the 
range of 30–60 mol%, the BO3 units convert to the BO4 units which enhances the 
connection between the BO3 and BO4 units by building up the boron oxygen rings. 
 
Since phosphate glass can hold large concentrations of active ions without 
losing the useful attributes of framework, it becomes an exceptionally attractive host 
compared to the borate glasses (Brow et al., 1998). Besides that, phosphate glass are 
easy to be prepared due to the low melting point of phosphate glasses (<1000 
o
C). 
Phosphate glasses also offer an important range of compositional possibilities (ultra, 
meta, pyro, and orthophosphate), in which its physical and chemical property can 
vary and contributes in particular to technological applications. Due to the unique 
properties such as low melting point (<1000 
o
C) and good electrical conductivity, 
this phosphate glasses reveals a better characteristic than silica glasses in industrial 
application when it is doping with rare earth ions (Day et al., 2001).  
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Owing to the flexibility of borate and phosphate base glasses, the study of 
their structure and properties is important. As a result, continuing studies are still 
going. Unfortunately borate glasses alone are not a stable compound even though it is 
well known as the glass former, while the pure phosphate network is hygroscopic, 
which often limit their practical uses (Wan et al., 2014).  
 
Today, the mixture of the two glass formers, B2O3 and P2O5 (glasses) are 
among the multicomponent glasses studied for some interesting applications. Unlike 
borate or phosphate, borophosphate glasses become more attractive and widely used 
in the industrial area owing to it as a more stable compound with high transparency 
(Layne et al., 1976, Ehrt and Seeber, 1991). In addition, additional oxides to the 
mixture of B2O3 and P2O5 in the same glass matrix will result in property 
enhancements. Among the oxides, CaO and ZnO are chosen to be added in 
borophosphate glasses. According to Takebe et al. (2006), ZnO with large ionic 
radius and with 18 electrons in the outermost shell was widely used to enhance the 
chemical stability of the phosphate glass network (Boiko et al., 1998). Besides that, 
Zn
2+
 can either form ZnO4 (Fujino et al., 2003) or P–O–Zn bridges (Brow and 
Tallant., 1997) via phosphate chains linkages in the glass network.  
 
A study by Koudelka et al. (2009) shows that the chemical durability of the 
glass can be enhanced by the addition of trivalent oxides together with the 
replacement of alkali oxides by divalent oxides. Besides that, phosphate glasses can 
also be stabilized by the addition of B2O3 along with either zinc oxide or lead oxide. 
Furthermore, the material such as lead oxide and zinc oxide are normally combined 
with lithium oxide, sodium oxide and potassium oxide in the borophosphate glass 
system (Koudelka et al., 2006, Mosner et al., 2007). Such materials offer better 
chemical durability than borate, phosphate or borophosphate glasses. Besides, the 
degree of polymerization will be increased by addition of modifier oxides in the 
borate network. This will lead to the boron coordination changes from three to four 
which alter the metaphopshate chain into three–dimensional network (Brow and 
Tallant., 1997). 
 
Nowadays, addition of a small amount of transition metal ions in the glass 
network system becomes more favorable due to their memory and photoconductivity 
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properties. Owing to the outer d–electron orbital functions have a broad radial 
distribution, variety of the glass structures are probed by the transition metal ions 
(Rao et al., 2011). A study by Buddhudu and Thulasiramudu (2006) reveals that 
when transition metal ions doped to the glass system, this glass exhibits the 
luminescence properties owing to these ions normally exists in the divalent states. 
Based on the study by other researchers, they found that manganese ions (Mn
2+
) are 
attractive as a dopant in borophosphate glasses owing to Mn
2+
 ions can be in varoius 
valence states (Bratu et al., 1999, Magon et al., 2006). Normally, five d electrons of 
Mn
2+
 ions are distributed in the t2g and eg orbitals, with three in the former whereas 
other two in the latter orbitals. So, its ground state configuration is (t2g)
3
(eg)
2
. Besides 
that, the energy levels that form from this configuration are 
6
Ag, 
4
A1g, 
4
Eg, 
4
T1g, 
4
T2g 
and 
6
A1g (spherically non–degenerated, octahedral symmetry) lies lowest (ground 
state) according to Hund’s rule. Through the photoluminescence property of the glass 
system, the differences in valence state can be observed.  
 
According to the Gao et al. (2011), they found that the optical absorption 
spectra of Mn
2+
 ions exhibit only spin forbidden transition owing to the excited states 
of the Mn
2+
 ions are in quartets or doublets. Normally, the spin–forbidden 4T1g→
6
A1g 
(S) transitions cause the appearance of bands in the UV–Vis spectral region and 
photoluminescence spectra. Due to its d–shell is not strongly shielded from its 
environment, the d–d transitions are affected by the field strength of the surrounding 
ligands (Wondraczek and lakshminarayana, 2011). Generally the luminescence 
emission of Mn
2+
 (
3
d5) reveals the emission color from green to dark red which is 
usually determined by its field strength between the manganese ions with the host 
ligand. Normally the Mn
2+
 ions are in the tetrahedral coordination (CN=4) (IV Mn
2+
, 
weak crystal field) when it emits green light, and in octahedral coordination (CN=6) 
(VI Mn
2+
, stronger crystal field) when it emits red light (Gao et al., 2011).  
 
In the view of the non–stable borate compound and hygroscopic properties of 
the pure phosphate network, borophosphate glasses are important for now and future 
owing to borophosphate glasses have a lot of applications such as the used in 
batteries that reported by Agarwal et al. (2010) and electronic equipment (Ali et al., 
1999). Moreover, based on the study by Thulasiramudu and Buddhudu, (2006) they 
found that good moisture resistant optical systems can be obtained by adding PbO 
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and ZnO to the borate glasses. Furthermore, the obtained result shows that it is 
suitable as novel luminescent optical materials. Over decades, it is believed that rare 
earth ions can be replaced by transition metal ions (Mn
2+
) as a dopant in the glass 
system become popular and has a great potential in photoluminescence applications.  
In order to obtain more information on the structural features and optical properties 
of glasses doped with manganese ions, further studies are required.  
 
 
 
 
1.2 Problem Statement 
 
 
Various new phosphor materials based on different combinations of host 
material are being studied in recent years. In the earlier years, borate and phosphate 
based glasses have gained a lot of interest. However, due to their weak chemical 
durability and hygroscopic properties, “mixed glass former” based glass is introduced. 
In this present studies, borophosphate based glass have been chosen to dope with 
different concentration of manganese ions. Borophosphate glasses doped with rare 
earth ions had been studied widely by many researchers. On the other hand, works on 
borophosphate glass system doped with manganese ions are still very less being 
reported. Furthermore, the doping of transition metal ions especially manganese ions 
into the borophosphate network can enhance the phosphorescent lifetime. Manganese 
ions are of interest due to its valence states are depending on the concentration of 
these ions in the glass network. Rao et al. (2009, 2011) have published works on 
borophosphate glasses system doped with Mn
2+
 ions. However, there are still limited 
studies on the structural features and optical properties of borophosphate glasses 
doped with high concentration (> 5 mol %) of manganese ions. Besides that, calcium 
zinc borophosphate glasses doped with manganese ions have not been studied by 
other researchers. Thus, calcium zinc borophosphate glass system is chosen to study.    
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1.3 Research Objectives 
 
 
i. To prepare the undoped calcium zinc borophosphate glasses and calcium zinc 
borophosphate glasses doped with manganese. 
ii. To determine the structural features of the undoped and doped glass samples.  
iii. To determine the optical and luminescence properties of calcium zinc 
borophosphate glasses doped with manganese. 
iv. To determine paramagnetic properties of calcium zinc borophosphate glasses 
doped with manganese. 
 
 
 
 
1.4 Scope of Study 
 
 
 In attempt to reach the goal, five series of glasses were prepared using 
conventional melt quenching technique. Firstly, phosphate was gradually replaced by 
borate in order to determine the optimum content of borate and phosphate content in 
the glass system. Then a series of gradually change in calcium and zinc oxide was 
also being prepared. After that, these two series of glass samples were doped with 1 
mol% of manganese ions. Finally, the selected compositions of calcium zinc 
borophosphate glasses doped with different concentration of manganese ions (0.5–10 
mol%) were also prepared. The phases of the prepared samples were determined by 
the X–Ray diffraction measurement. The structural features for all undoped and 
doped glasses were determined using Fourier transform infrared (FT–IR) and Raman 
spectroscopy. Meanwhile, the optical properties for all doped glass samples were 
determined by Ultra–violet visible near infrared spectroscopy. The luminescence 
properties and the decay curve for all the doped glass samples were determined by 
luminescence spectroscopy. Finally, the paramagnetic properties of all the doped 
samples were also determined by electron spin resonance spectroscopy. 
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1.5 Significance of Study 
 
 
 This present study has been done in order to have a further understanding on 
the structural features, optical, luminescence and paramagnetic properties of the glass 
due to the limited study based on calcium zinc borophosphate glass. By doping 
manganese to the borophosphate glass, new materials can be developed so called 
“luminescence materials”. These materials are possible to emit light at visible range. 
Besides that, it can be used as long afterglow material. Furthermore, the relationship 
between the host and modifier with the luminescence properties can also be 
understood. This information is useful in glass technology and hopefully can develop 
a new long afterglow material such as used in glow in the dark materials in order to 
reduce the electrical energy consumption in our country. Furthermore, undoped and 
calcium zinc borophosphate glasses doped with manganese of highly transparent and 
chemically stable were prepared through melt quenching technique. This melt 
quenching technique is simple and cost effective which is suitable for mass 
production and have greater potential in producing luminescent glass of higher 
efficiency for technological application. 
 
 
 
 
1.6 Outline of Study 
 
 
 This thesis can be divided into five chapters in which Chapter 1 is 
introduction for present studies, including the basic background knowledge and the 
purpose of this research. Chapter 2 and Chapter 3 focus on the literature reviews and 
methodology respectively. Meanwhile Chapter 4 including the results and discussion 
where this is the most important chapter and is the core of this thesis. Finally Chapter 
5 is the conclusion and recommendation for future work. 
196 
 
also be extensively studied using density functional theory (DFT) in order to gain 
more information and postulate a structural model.  
 
Finally, the photoluminescence measurement can be carried out in difference 
temperature. The excitation, emission and decay rate of the doped glass samples 
could be influenced by various temperatures, thereby given effect to the 
luminescence properties of the investigated samples. So, difference temperature 
should be proceeded to photoluminescence measurement in the investigated glass 
samples in the future. 
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